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Method 28 (Adopted 9/4/85)
(Reformatted 3/22/91)

METHOD 28

REF: Reg 8-5-101 _.
8-5-602

DETERMINATION OF VAPOR PRESSURE OF
ORGANIC LIQUIDS FROM STORAGE TANKS

PRINCIPLE

This method provides for the determination of the absolute vapor pressure of an organic
lhiquid at its storage temperature. The procedure is basically the same as that prescribed
in ASTM D-323-82 (Reid Method), the exception being that the test is performed at the
tank storage temperature of the sample.

The \’.qu-'d chamber portion of a Reid vapor pressure apparatus is filled with a chilled
sample and connected to the air chamber at test temperature. The apparatus is immersed
n & censtant temperature bath (equivalent to the storage tank temperature) and shaken
periodically until equilibrium is reached. The gage reading, suitably corrected, is reported
as the absolute pressure of the material at its stored temperature.

APPARATUS
2.1 Refrigerator and/or Cooling Bath.
2.2 Reid Vapor Pressure (RVP) Bomb. A unit as described in Fig. 11.
221 Test Gauge. A gauge with a range of 0 to 5 psia capabie of being read to 0.025
psa A manometer or other equivalent pressure reading devise maybe used.
2.3 Constant Temperature Bath. A bath capable of maintaining a constant temperature

sefting between ambient temperature and 200°F (+ 0.5°F).

ANALYTICAL PROCEDURE

3.1

Handling of Sample.

3.1.1 The extreme serfsitivity of vapor pressure measurements to losses through
evaporation and the resulting changes in composition is such as to require the
utmost precaution and the most meticulous care in the handling of samples. The
provisions of this section shall apply to all samples taken for vapor pressure
determination. Sampling shall be done in accordance with Practice D 4057.
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3.2

3.3

3.4

3.5

3.1.2 Sample Container Size. The size of the sarnple container from which the vapor
pressure sample is taken shall be 1 QT. (1 L). It shall be 70 to 80% filled with the
sample. In the case of referee testing, the 1 qt. (1 L) sample container shall be
mandatory.

Precautions

3.21 The Reid vapor pressure determination shall be the first.test run on a collected
sample, and no more than one sample shall be withdrawn from the sample
container for testing.

3.2.2 Samples shall be protected from excessive heat prior to testing.

3.2.3 Samples in leaky containers shall not be tested. They should be discarded and
new samples obtained.

Sample Handling Temperature. In all cases, the sample container and contents shall be
cooled to 32 to 34°F (0 to 1°C) before the container is opened. Sufficient time to reach
this temperature shall be assured by direct measurement of the temperature of a similar
liquid in a like container placed in the cooling bath or equivalent at the same time as the
sample.

Preparation For Test.

3.4.1 Verification of Sample Container Filling. With the sample at a temperature of
32 to 34°F (0 to 1°C), take the container from the cooling bath, unseal it, and
examine its ullage. The sample content, as determined by use of a suitable
gage, shall equal 70 to 80% of the container capacity.

3.4.2 Discard the sample if its volume is less than 70% of the container capacity.

3.4.3 If the container is more than 80% full, pour out enough sample to bring the
container contents within the 70 to 80% range. Under no circumstance may any
sample poured out be returned to the container.

Air Saturation of Sample in Sample Container.

3.5.1 With the sample ggain at a temperature of 32 to 34 °F (0 to 1°C), take the

container from the cooling bath, unseal it momentarily, reseal it, and shake it
vigorously. Return it to the bath for a minimum of 2 minutes.
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3.6

3.7

3.5.2 Repeat 3.5.1 twice more. Return the sample to the bath until the beginning of
the procedure.

Preparation of Liquid Chamber. Completely immerse the open liquid chamber (in an
upright position) and the sample transfer connection in the bath at 32 to 34°F (0 to 1°C)

for at least 10 minutes.

Preparation of Air Chamber. After purging and rinsing the air .chamber and pressure
gage, connect the gage to the air chamber. Immerse the air chamber to at least 1 in.
above its top in the water bath maintained at the temperature at which the RVP test is to be
run, for not less than 10 minutes just before coupling it to the liquid chamber. Do not
remove the air chamber from the bath until the liquid chamber has been filled with sample
as described in 4.1.

4) PROCEDURE

4.1

4.2

4.3

Sample Transfer. With everything in readiness, remove the chilled sample container from
the bath, uncap it, and insert the chilled transfer apparatus (See Fig. 1). Quickly empty
the water from the chilled liquid chamber and place it, in an inverted position, over the
sample delivery tube of the transfer apparatus. Invert the entire system rapidly so that the
liquid chamber is upright with the end of the delivery tube touching the bottom of the liquid
chamber. Fill the liquid chamber to overflowing. Withdraw the delivery tube from the liquid
chamber while allowing the sample to continue flowing up to the moment of complete
withdrawal. CAUTION: Provision should be made for suitable restraint and disposal
of the overflowing liguid to avoid fire hazard.

Assembly of Apparatus. Immediately remove the air chamber from the water bath and,
as quickly as possible, attach the air chamber to the liquid chamber (NOTE: 1). Not more
than 10 seconds shall be consumed in coupling the two chambers.

NOTE 1: When the air chamber is removed from the constant temperature
bath, allow it to drain only briefly and, without shaking, connect it to
the jJiquid chamber without undue movements through the air which
could promote exchange of room temperature air with the air
(sample storage temperature) in the chamber.

Introduction of Apparatus to Bath. Turn the assembled vapor pressure apparatus upside
down to allow the sampie in the liquid chamber to run into the air chamber and shake
vigorously in a direction parallel to the length of the apparatus. Immerse the assembied
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5)

6)

4.4

apparatus into the bath, maintained at the desired temperature (£ 0.89F), in an inclined
position so that the connection of the liquid and air chamber is below the water level and
may be observed closely for leaks. If no leaks are observed, immerse the apparatus to at
least 1 in. above the top of the air chamber. Observe the apparatus for leaks throughout
the test. If a leak is detected, discard the test.

Measurement of Vapor Pressure. After the assembled vapor pressure apparatus has
been immersed in the bath for at least 5 minutes, tap the pressure gage lightly and
observe the reading. Withdraw the apparatus from the bath and repeat 4.3. At intervals of
not less than 2 min, perform 4.3 until a total of not less than five shaking and gage
readings have been made and continuing thereafter if necessary until the last two
consecutive gage readings are constant, indicating equilibrium attainment. These
operations normally require 20 to 30 min. Read the final gage pressure to the nearest
0.025 psi and record this value as the "uncorrected vapor pressure" of the sample.
Without undue delay remove the pressure gage (NOTE 2), and without attempting to
remove any liquid which may be trapped in the gage, check its reading against that of a
manometer while both are subjected to a common steady pressure which is no more than
0.2 psi different from the recorded "uncorrected vapor pressure”. |If a difference is
observed between the gage and mercury manometer readings, the difference should be
added to or subtracted from the "uncorrected vapor pressure’ recorded for the sample
being tested and the resulting value recorded as the absolute pressure of the sample.

NOTE 2: Cooling the assembly prior to disconrgecting the gage will facilitate
disassembly and reduce the amount of hydrocarbon vapors
released into the room. :

PRECISION

5.1

Interlaboratory testing by the BAAQMD and five refineries was performed on three samples
in the 0-1 psi range. At the 95% confidence level the estimate for the precision was found
to be approximately 0.05 psi. Based on this testing an enforcement guideline tolerance of
+ 0.15 psi has been deemed appropriate for Method 28.

REFERENCES

6.1

Vapor Pressure of Petroleum Products (Reid Method), ASTM Designation D-323-82
Volume 05.01, Section 5 (1984).
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P StoraGge TemPerATURE VERsus TRuE VAPOR PRESSURE (TvP)

e
Reference Property "’ Max. Temperature (°F)
Gravity IBP Not to Exceed Vapor Pressure
Organic Liquids OAPI oF 0.5 Psia 1.5 Psia
Crude Oils * ' - - - -
Middle Distillates
Kerosene 42.5 350 195 250
Diesel 36.4 372 230 290
Gas Oil ) 26.2 390 249 310
Stove Oil 23 421 275 340
Jet Fuels |
JP-1 43.1 330 165 230
JP-3 54.7 110 - 25
N JP-4 51.5 150 20 68
. JP-5 39.6 355 205 260
JP-7 ' 44-50 360 205 260
. Fuel Qil
No. 1 42.5 350 195 250
No. 2 36.4 372 230 290
No. 3 26.2 390 249 310
No. 4 23 421 275 ' 340
No. 5 19.9 560 380 465
No. 6 16.2 625 450 -
Asphalts
60 - 100 pen = - : - 490 550
120 - 150 pen. - - 450 500
200 - 300 pen. - = - 360 420

* True vapor pressure for crude oils should be determined from the
specific state.



~~ METHOD 28 - Table 1
Storage Temperature Versus True Vapor Pressure (TVP) —}

Maximum Temperature (°F)
Gravity Gravity IBP | Notto Exceed Vapor Pressure
Organic Liquids ~ (Ib/gal) ©API oF 0.5 Psia 1.5 Psia
Acetone 6.6 47 133 - 35
Acrylonitrile 6.8 41.8 173 - 30 62
Benzene _ : 74 27.7 176 34 70
Carbon Disulfide 10.6 221 116 - 10
Carbon Tetrachloride 134 - 170 20 63
Chloroform 125 - 142 - 40
Cyclohexane 6.5 49.7 177 30 65
1,2 Dichlorcethane 105 - 180 35 75
Ethyl Acetate 7.5 236 | 17 35 70 )
Ethyl Alcohol 6.6 47.0 173 55 85
Isopropyl Alcohol 6.6 47.0 181 62 95
Methyl Alcohol 6.6 47.0 | 148 30 62
Methyl Ethyl Ketone 6.7 443 175 30 70
Toluene 7.3 30 231 ’ 75 120
Vinylacetate 7.8 19.6 163 30 65

RVZ:mc:tbl-tvp:11/22/91

Page 2



Fie. 1. .
SAMPLE TRANSFER TO GASOLINE CHAMBER

2 wp>

REID VAPOR PRESSURE BOMB
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NOTE: To convert RVP to TVP, use: S =1, per
RVP workshop held on 3/26/85 at the BAAQMD
District office, S.F. '

REID VAPOR PRESSURE

$ = SLOPE OF THE ASTM DISTILLATION CURVE AT
10 PER CENT EVAPORATED =

DEG F AT 1S5S PER CENT MINUS DEG F AT 5 PER CENT

IN THE ABSENCE OF DISTILLATION DATA THE FOLLOW~-
ING AVERAGE VALUES OF S MAY BE USED :

_MOTOR GASOLINE

" AVIATION GASOLINE

. LIGHT NAPHTHA (9-14 PS| RVP) 3.5
. NAPHTHA (2-8 PSI RVP) 2.5

i -

“ource: Nomograph drawn from data of the National Bureau of Standards. )
FIC. 2—Vapor Pressures of Gasolines and Finished Petrolcum Prodwets—]1 psf 0 7 psi RVP.

FIG. III-8
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STORAGE TEMPERATURE VERSUS TRUE VAPOR PRESSURE (TVP)

® _ Jrue vapcr pressure

TABLE 1

Reference Property

Gravity 1BP
Organic Liguias CAPI - ©OF
o ®
Crude Dils - -
Middle Distillates
per-sene fg.z ;29
tiesel 36. 37¢
Eas t:1 §6.2 360
Sezve Cil c3 &2
Jet Fuels
AT £43.1 339
cFe3 54.7 119
JP-4& 51.5 80
JF=5 39.6 355
=7 L4-5C | 360
Fuel 0il
Ne. 1 42.5 359
No. 2 36.4 37¢
No. 2 c€.c 350
No. & c3 4z
NS, S 6.6 ZEC
No . ¢ 16.2 €5
r'Asphalts
E0-322 pen. - -
120-133 pen. - -
2i2=-320 rern. - -
Crganic Compcunds Density Gravity 1BP
(1b/gal) ©APIl OF
Azetcre €.6 47 133
Acrylernitrale .5 1.8 173
tenzene 7.4 27.7 ,- 176
Carten Disulfide 10.6 22.1 116
Cardbcn Jetrachloride 13.4 - 170
Chlecrcfecrm 12.5 - 142
Cyclicnexarne £€.5 49.7 177
1,2 -ichlcrcethane 12.5 - 180
Ethyl Acetate 7.5 23.6 17
tthyl Alcohel 6.6 47.0 173
Iscpropyl Alcoheol [ - - 47.0 181
Methyl Alcohel ‘6.6 47.0 148
hethyl Ethy)l aetone €.7 - 44.3 175
loluene T.3 « 30 231
Vinylacetate 7.6 15.6 163
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COMMENTS ON FIG. 5B1.1

Purpose

Fig. 5B1.1 is useful for estimating the true vapor pressure (tvp) of a gasoline or a finished
petroleum product at normal storage temperatures. Crude oils are treated similarly in
Fig. 5B1.2.
Reliability .

No estimatc of the reliability of this figure is available.

Notation -
Slope = slope of the ASTM D 86 distillation curve at 10 percent by volume distilicd

=_T£l.;_ﬂ, in deg F per percent distilled.

Special Comments .
In the absence of distillation data, the following approximate values of the ASTM 10-per-

. cent slope may be used:

Motor gasoline 3 Light naphtha (9 to 14 psi Rvp) 3s
Aviation gasoline 2 Naphtha (2 to 8 psi Rvp) 25 -
Literature Source

The figure is given in AP! Bull. 2513: Evaporation Loss in the Petroleum Industry—
Causes and Control, American Petroleum Institute, New York (1959).

Example
Estimate the tvp at 70 F of a naphtha having a 10-percent ASTM slope of 3.5 and a

- Reid vapor pressure (Rvp) of 11 psi.

Locate the point on the grid of Fig. SB1.1 corresponding to a slope of 3.5 and Rvp of 11.
A straight line extended from the 70 F point on the temperature scale through this grid point

intersects the tvp scale at 6.9 psia.
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